Objectives: To discuss the current knowledge on induction, production, sustenance and promotion of neuroendocrine differentiation in human prostate cancer. Methods: Review of the literature using PubMed search and scientific journal publications. Results: Morphological evidence explains some functional relationship between neuroendocrine and neoplastic surrounding cells. Transdifferentiation phenomenon and new biochemical pathways could be included in the development of androgen independence and prostate cancer progression. Conclusion: Multiple evidence seems to confirm that a synergistic functional network between epithelial PSA secretory cells and neuroendocrine intraprostatic system is the main trigger for the induction and sustenance of neuroendocrine differentiation. The development of new antineoplastic molecules should consider the multiple interference of the intercellular network.
Introduction
Human adult prostatic gland contains three epithelial cell phenotypes: secretory, basal and neuroendocrine (NE) [1] . Secretory cells (luminal) are the most abundant and require androgens for growth and survival. Conventional adenocarcinoma of the prostate (PCa) shows features common to this cell phenotype. Basal cells are the principal epithelial proliferating cell type and are androgen-insensitive. NE cells are endocrine and sensory cells sharing structural, functional and metabolic properties with neurons normally present in human prostate, prostatic intraepithelial neoplasia (PIN) and in PCa [2, 3] . Although their origin is still debated, NE cells, initially considered as derived from progenitor neural crest cells, probably differentiate from a common epithelial stem cell [1] . These cells are rare in the normal prostatic gland ( ! 1%), and show cellular extensions [4] usually referred to as neurites that may evoke a communication network between epithelial and NE elements [5, 6] . These cells produced a wide range of neuropeptides and neurotransmitters, they are postmitotic and highly differentiated, and mostly found as AR-negative cells [7] . These cell populations also exhibit an anti-apoptotic phenotype partially explained by the observation of augmented survivin expression [8, 9] and further stimulate neoangio-genesis (via VEGF) [10] . Pure NE cell prostate tumors are very rare ( ! 0.1%) and highly aggressive (35% survival rate in 2 years) [11, 12] , while focal NE differentiation (NED) represents a common feature of PCa occurring in 30-100% of the cases [1] [2] [3] [4] [5] [6] .
Because the higher number of NE cells is associated to an increased neoplastic progression rate, the neuroendocrine differentiation phenomenon is considered of general oncological interest. An increased number of overt NE cells was also observed in patients with hormone-refractory prostate cancer (HRPC) following long-term androgen deprivation therapy, even though the question that NED is attributable to a condition of hormone refractoriness or long-term hormonal therapy needs to be further studied [13, 14] .
Thus, the great interest in this field is high and the prevalence of NED in PCa is steadily being confirmed. In contrast, knowledge of the pathophysiology of this phenomenon is fragmentary, also considering the limited number of NE cell biomarkers available to score NE features.
The aim of this review is to discuss the current status on induction, production, sustenance, and promotion of NED in human PCa.
New Morphological and Immunohistochemical Issues
NE cells were identified in every stage and grade of PCa, described as 'freely dispersed throughout the tumor' by Varschenko and Abrahamson [4] . In particular, two types of NE cells were described: the open cells with extensions at their apex that connect with the lumen, and closed cells with dendritic processes that extend between adjacent cells, resting on the basal lamina and in close topographical relationship with the nerves [4] .
Immunohistochemically, Hirano et al. [15] have shown differences in NE cell distribution in PCa. This group found that morphological features of NED in low-grade PCa can be observed in ChrA-positive areas or occasionally in single ChrA cells. In moderately differentiated PCa, NE cells were organized as cell clusters or focal agglomerates; whereas in poorly differentiated PCa diffuse areas of NED morphologically similar to surrounding neoplastic cells could be observed [15] .
Interestingly, Grobholz et al. [16] have proposed a quantification method with a cut-off value of 30 NE tumor cells per standard area to facilitate the classification of a high and low NE differentiation, also considering the distinction between isolated and clustered NE cells (poorer prognosis).
By electron microscopy, Hirano et al. [15] evidenced NE tumor cells as containing extremely pleomorphic granules in the apical supranuclear zone, often with a glandular lumen localization. The same author described dendritic-like NE cell extensions stretched out adjacent to neoplastic epithelial cells.
Moreover, based on ChrA immunogold labeling techniques, Fossmark et al. [17] achieved a good classification of cells with few NE granules and suggested these techniques as an important supplement to standard diagnostic tools in the examination of poorly differentiated tumors, at least in enterochromaffin-like cell carcinoids.
These lines of evidence underlined the strict functional paracrine connections between the NE and the epithelial compartments. This morphological evidence also gives new light to the comprehension of a functional relationship between NE and neoplastic surrounding cells. Finally, the recent observations of the increased proliferation activity and expression of anti-apoptotic genes of epithelial prostatic tumor cells in the proximity of NE cell foci [18, 19] provide evidence to support the notion that inductive stimuli generated directly from NE cells could explain at least in part the positive effect on the proliferation of tumor cells.
Mechanisms of Action: Transdifferentiation or Autocrine/Paracrine Interaction -A Dynamic Intraprostatic Microenvironment
Recent reviews [2, 20, 21] and papers based on in vitro models evidenced the life and function of the NE cell in human prostate. Today, the mechanisms through which NE cells act in prostate homeostasis are (1) transdifferentiation, and (2) autocrine-paracrine epithelial interactions.
Transdifferentiation
A growing body of literature show increased proportion of overt NE cells that is concomitant with increased levels of NE-derived peptides such as neuron-specific enolase (NSE) and chromogranin A (ChrA) in the serum of advanced, and HRPC patients. This occurrence seems, in most cases, correlate with a poor prognosis [22] [23] [24] [25] [26] [27] . Aside from these observations, another intriguing and clinically relevant aspect of PCa is the propensity of neo-Review plastic cells to undergo a 'transdifferentiation' process in which they acquire characteristics of NE-like cells also referred to as NE tumor cells. An extensive body of literature documents now elaborates that PCa cells could transdifferentiate in NE-like phenotype under various growth conditions (androgen-depletion), after exposure to different molecules (epinephrine, VIP, bombesin, calcitonin, growth factors and cytokines) [1] and through intracellular multipathways action [28] ( table 1 ) .
Transdifferentiation-Inducing Conditions
It is well known that an androgen-depleted medium induces LNCaP cell transdifferentiation via a dramatic increase of intracellular cAMP levels [29, 30] . Other investigators have confirmed this finding as well as showing that chronic exposure of LNCaP cells to IL-6 or NS-398, a Cox-2 specific inhibitor, would also induce NE transdifferentiation [30] [31] [32] [33] [34] . More recently, using a steroid-reduced medium, Yuan et al. [35] described the establishment and the biochemical characteristics of three NE subclones in vitro derived from LNCaP. Interestingly, these cells appeared to be transdifferentiated in cancerous NE cells. They (a) are terminally differentiated, (b) cannot be reverted to LNCaP phenotype, and (c) lack AR and PSA expression but acquire and retain multiple NE markers.
Using transfection of LNCaP cells with a constitutively active subunit of gp130 (gp130act), Palmer et al. [36] induced a NED ligand-independent transdifferentiation mechanism. These data confirm that NED pathways could be initiated and sustained by an IL-6 signaling cascade; on the other hand, this model evidenced the presence of alternative signal mechanisms in NE transdifferentiation of LNCaP. Collectively, these observations suggest that the increased NE cells found in advanced, aggressive and hormone-refractory prostate tumors are likely transdifferentiated PCa cells and clinical observations showing increased numbers of NE cells in prostate tumors from patients following hormonal therapy strongly support this idea. Importantly in malignant lesions, NE tumor cells, at least to a certain extent, are phenotypically similar to NE cells present in the normal epithelium in terms of expression of neuropeptides and growth factors. However, they should be distinguished from the latter as they could share morphologic and genetic features with the surrounding cancer cells. A very recent paper nicely decrypted some genetic features of NE tumor cells and concluded for their relationship with tumor cells [37] .
Even if certain of the above-mentioned in vitro models specifically described a kind of terminal differentiation in several isolated subclones that are useful in understanding this complex process, it seems likely that this is not the complete story regarding the well-known heterogeneity of PCa and the previous observations of the dual epithelial characteristics in certain prostate tumor cases marked by PSA and AR expression together with NE markers such as CgA, likewise few xenograft models demonstrate a possible heterogeneity of tumors [38] [39] [40] .
This information strengthens the idea that different and intermediate phenotypes, possibly reversible, are displayed by tumor cells and that they might influence the clinical outcome of the disease [1, 7, 41] . With regard to the progression of PCa, the idea that some cells can directly undergo a transdifferentiation process that gives them properties of NE cells has a number of critical implications since evidence has been accumulating that non-NE human PCa cell lines have specific cell surface receptors for many of these peptides [42] [43] [44] [45] . Further support of the role of NE cancer cells came with compelling evidence from contemporary animal models of prostate cancer [(human tumor xenografts and in transgenic mice (TRAMP and LADY mice)] wherein tumor progression is associated with the acquisition of NE characteristics by the tumor cells [39, [47] [48] [49] . The existence of the augmented number of NE and/or NE cancer cells within tumors begs the question of how some environmental factors or genetic alterations mediate establishment and maintenance of this phenotype along progression of the disease.
Clearly, a means to regulate NED, as mentioned before, is a persistent exposure to some molecules and factors. Likewise, there are good reasons to assume that the resulting downstream signaling pathways activated by these factors may have strong implications by driving this process [1] . It is also of interest that fresh studies based on genomic and gene expression analyses further helped to decipher some events that may be implicated or engender the NED. 
Review
In different cell culture conditions (e.g. supplementation by the dual 5-alpha reductase inhibitor, dutasteride) and using microarray gene expression analysis, Schmidt et al. [50] showed that growth, proliferation and viability of LNCaP were strongly reduced by dutasteride treatment. However, at gene expression level analysis they obtained a complex pattern with an increase of neurogenic genes expression (MDK, APLP1, BIRC1 and NOTCH3) hypothesizing that a chronically maintained androgendeprivation condition could result in a rise of androgenindependent LNCaP cell clones (NED).
Protocadherin-PC
Other genes have recently been identified as potentially implicated in the NED process such as the protocadherin-PC (PCDH-PC) gene [51] . Interestingly, expression of PCDH-PC increases in patients with HRPC and has been suggested to be a relevant factor to promote androgen independence of tumor cells [52] . Moreover, a previous examination demonstrated the importance of this gene for the acquisition of apoptosis resistance [53] . More striking for this review is the observation that chronic culture of LNCaP cells cultivated in androgenfree serum or in a medium containing db-cAMP or NS-398 were all shown to induce PCDH-PC expression. This induced overexpression coincided with transdifferentiation of LNCaP cells towards a NE phenotype, as evidenced by the fact that alteration of the PCDH-PC overexpression by RNA interference was sufficient to block the expression of NE markers by the cells. Importantly, it was also shown in this model that a critical event in the process was its dependency toward the canonical Wnt signaling [53, 54] . Indeed, transient expression of a betacatenin mutant mimics the effect of the PCDH-PC expression in terms of expression of NE markers by the cells and RNA interference against beta-catenin as well as competition against the final effector of the canonical Wnt signaling named TCF/Lef strongly affected the process. In this respect, these in vitro data identify the PCDH-PC expression and the activation of Wnt signaling as new and atypical means for tumor cells to start NED. Although the implication of Wnt signaling has been depicted more in other malignancies such as melanomas, colonic carcinoma or hepatocarcinoma [54] , accumulating evidence obtained in vivo and in vitro suggests a critical role of Wnt signaling in prostate cancer [55] [56] [57] [58] . In other circumstances it should be noted that Wnt signaling is critical in differentiation and normal development including the limb bud, kidney and neural crest cell derivatives that could give certain relevance to our findings [59, 60] . Nonetheless, caution should be exercised in considering the complex regulation of the Wnt pathway, as reviewed recently [61] , and therefore future work should address the link between Wnt signaling and NED.
Transcription Factors
Other candidate genes for PCa progression potentially associated with NED could be some members of the Forkhead box a (Foxa) superfamily of transcription factor. This gene family is commonly known for its role in hepatocytic differentiation and function. Recently, a study illustrated the potential role of some Foxa members in high-grade tumors and HRPC by in vivo and in vitro studies [62] . In particular, it seems that while Foxa1 was consistently expressed in benign epithelial cells and tumors cells of both androgen-dependent and androgenindependent PCa, Foxa2 was solely expressed in some high-grade, poorly differentiated tumors, and in small cell carcinoma, typically referred to as pure NE carcinoma type and considered an androgen-independent disease. In addition, Foxa2 expression was always correlated with synaptophysin expression. Further in vitro experimental data showed that forced expression of Fox2a in AR-negative HeLa cells or in androgen-sensitive LNCaP cells could activate the expression of PSA gene in an AR and ligand-independent manner. In agreement with the androgen-independent status of the Foxa2 expression is the observation that the forced enhancement of the AR protein level by co-transfection reduced the co-activation effect of Foxa2 on the PSA promoter construct, suggesting that this gene product may be involved in strictly androgen-independent gene regulation.
In one of the first papers on prostatic NE cancer functional genomics (DNA microarray data set analysis), Hu et al. [63] demonstrated a wide gene number (32 genes) defined as 'neural/endocrine', actively expressed in CR2-TAg prostate tumors compared to normal prostate tissue. Among mRNAs showing a 6 2-fold difference between neoplastic and normal prostate tissue, the authors reported many transcription factors (mASH1, members of the Sox and Six families), neural differentiation factors, secretory granule associated genes (ChrA and B), neuropeptide-related genes and neurotransmitters. NeuroD1 mRNA expression was evidenced in this paper for two reasons: (1) its increase of 1 200-fold in advanced NE prostate cancer cell (24 weeks CR2-TAg) versus normal prostates by qRT-PCR, and (2) its expression could be positively regulated by mASH (another critical gene in NED, overexpressed in NE neoplastic cell). NeuroD1 is a transcription factor originally identified in beta pancreatic cells. Following its hetero-dimerization with the helix-loop-helix protein E47, NeuroD1, originally described as able to regulate insulin gene expression by binding to an E-box motif on the insulin promoter, has been successively shown to be transiently expressed in specific groups of neurons both in the central and peripheral nervous systems at the time of terminal differentiation [64, 65] . Lee et al. [64] have reported that ectopic expression of NeuroD1 in Xenopus embryos causes conversion of skin precursor epithelial cells into neurons. Recent findings show that NeuroD1 is a neuronal differentiation factor [66] , involved in gut endocrine differentiation [67] [68] [69] and able to interact with Rb to activate pro-opiomelanocortin expressing cells [70] .
Cantile et al. [71] , investigating HOX genes network expression in epithelial, fibroblastic and neoplastic prostate cell lines, revealed that their exposure to cAMP significantly alters the lumbosacral Hox D locus located on chromosomal region 2q31-33. This region contains cAMP effector genes (CREB1, CREB2, CREB3 and cAMP-GEF), a global cis-regulatory DNA control region, a prostate-specific noncoding RNA (PC-GEM1) and a series of genes involved in epithelial-neuronal cell conversion such as NeuroD1, neurexin and dlx1 and 2. Among these, the authors performed the NeuroD1 in vivo expression analysis, finding a possible association with the Gleason score sum. The same group suggests that the above-mentioned chromosomal area might be involved in epithelial-neuroendocrine differentiation characteristic of human advanced PCa. On the basis of these molecular data, an immunohistochemical analysis intended to test NeuroD1 in human PCa and to compare its expression with ChrA, SNP, CD56 was performed, showing that NeuroD1 tissue reactivity is more frequent than ChrA in PCa and strongly correlates to increased indicators of malignancy in moderately-to-poorly differentiated PCa [72] . Thus, the suggestion is that NE cells present at the early stages of neoplastic development are rare and typical NE cells (ChrA+, serotonin+, probably AR+) less responsive to differentiation-driven transcription factors (e.g. NeuroD1) and more responsive to classic proliferative stimuli (peptide hormones, growth factors, autocrine-paracrine regulatory loops, and stromal-epithelial interactions). The acquisition of neuroendocrine characteristics occurs gradually in response to the cell phenotype influenced by environmental clues [3, 73] . It is reasonable to assume androgen deprivation therapy, cAMP induction or adrenergic agents (such as stress) are able to modify epithelial secretory prostate cells expressing transcription factors (such as NeuroD1, FoxA, Brn-3a) and to induce differentiation or trans-differentiation towards the NE phenotype [73, 74] . This is a possible explanation of the increased number of NE malignant differentiated cells still capable of secreting growth factors and of stimulating surrounding tumor cells.
Results from Cantile et al. [71] and Cindolo et al. [72] were consistent with the findings of Hu et al. [63] , indicating the absence of NeuroD1 in normal prostate and its production by NE normal cells (whole prostatic tissue) [63] . Surprisingly, as compared to data mentioned above, during the acquisition of a more aggressive tumor phenotype, laser capture microdissected (LCM) NE malignant cells show a strong decrease in NeuroD1 production. Because the production of NeuroD1 mRNA is very high in the whole prostatic tissue and is decreased in LCM NE cells, it is possible to assume that the secretion of this neurogenic factor is shared between epithelial, NE prostatic cell lines, glandular stroma and extracellular matrix, in a dynamic microenvironment where signals are shared and others are transmitted from cell to cell [73] . Pooling together this evidence, it is conceivable that malignant epithelial cells in specific growth conditions (such as the presence of AR-negative paracrine NE normal cells) start a slow conversion to the NE-like malignant cell gene program which expresses a complex gene cohort for differentiation, growth and survival of typical neurons, sharing identical allelic profiles with epithelial exocrine prostate tumor cells [37] . On the other hand, the androgen blockade therapy (Gn-RH or dutasteride therapy) (or a cytokine network activation escaping AR signal pathways) could induce LNCaP transdifferentiation towards the NE-like phenotype activating neurogenetic differentiation programs and/or changes in specific chromosomal areas.
Autocrine/Paracrine Interactions
NE cells represent an intriguing liaison between NE cell differentiation and tumor progression in PCa. These androgen-independent neoplastic cells are able to increase the proliferation index (by increasing the Ki-67 positivity) of surrounding non-NE-phenotype cancer cells by the secretion of NE products through a paracrine mechanism (through transactivation of the androgen receptor) [18, 75, 76] .
Therefore, cancerous epithelial cells with increased responsiveness to NE factors, or able to induce NE cells to release trophic factors, may have a survival advantage over their siblings. NE cells in many PCa express growth factors stimulating the growth/progression of the histologically conventional cancers, among these bombesin, calcitonin gene-related peptide, neurotensin, neurotropin-3, parathormone-related peptide, somatostatin, serotonin, TGF, NGF, KGF and VEGF were well described [4, 73, 74] ( fig. 1 ) . However, the gene network/communication program involved with NE cells and PCa cells still remains complex and obscure.
Androgens and Androgens Receptor
Jin et al. [78] described a novel mechanism that allows PCa to escape androgen deprivation therapy. In a NE allograft model (NE-10 tumors) they showed that LNCaP tumors are able to increase AR expression. Indeed in an elegant experiment, the authors showed that implantation of mouse NE-prostate tumors on one flank of castrated immunodeficient mice was sufficient to enable growth of an androgen-dependent human prostate cancer cell line implanted in the opposing flank. They concluded that NE component of the developing PCa appeared to produce factors able to regulate AR activity by enhancing sensitivity to lower circulating androgen levels in a ligand-dependent manner, increasing nuclear AR levels and/or directly activating the AR in a ligand-independent manner of androgen-sensitive LNCaP cells ( fig. 1 ). In accordance with this latter study, the same group has observed that NE-10 tumor cells promote metastasis of the LNCaP cell line [79] . To our knowledge, these results are the first in vivo evidence that NE tumour cells within aggressive/hormone-refractory human prostate tumors may be 'feeding' adjacent tumor cells not only in a paracrine situation but and also when they are at a distant site from the tumors, highlighting the strong potential of factors (most likely neuropeptides) secreted from NE and NE-like cells.
Also, because an increase in AR level has been reported to be sufficient to account for hormone refractory PCa [80] , the NE cell population secretion activity becomes a new key point in increased AR level/activity [80] [81] [82] .
Consistent with these data, Yuan et al. [35] described three other NE subclones derived from LNCaP. In addition to the previously reported properties, they discovered that the media conditioned by these NE malignant cell lines could upregulate androgen-independent proliferation on PSA secretion by LNCaP cells. They concluded that these transdifferentiated cancerous NE cells (NE-1.3, NE-1.8 and NE-1.9) secrete growth-stimulatory soluble factors directly promoting the proliferation of PCa cells as well as PSA secretion in a steroid-reduced environment, as observed in hormone-refractory PCa. 
Review
Chemokines Other authors investigated the expression of IL-8 and its receptors in PCa, particularly their relationship to the NE and non-NE compartments of cancer. IL-8 is a mitogenic and angiogenic factor for PCa, contributing to the migration and invasion of the PC3 cell line [80] . A recent study has shown that IL-8 may promote androgen-independent growth of PCa [83] . Although there is strong evidence linking IL-8 to the androgen-independent growth of PCa, the source of IL-8 in PCa was unclear. Huang et al. [45] demonstrated that NE cells are the source of IL-8 in human PCa. Although the IL-8 receptor CXCR1 is rarely expressed in benign epithelial cells, its expression is increased in PIN and further increased in invasive tumor, suggesting a paracrine mechanism whereby IL-8 produced by the NE tumor cells may promote the proliferation of the non-NE tumor cells in the absence of androgen. The data concerning the relationship between IL-8 and its receptors, CXCR1 and CXCR2, indicated that IL-8 may play an important role in normal neuronal function. The demonstration of the exclusive expression of CXCR2 in NE tumor cells, but not the non-NE tumor cells of PCa, is consistent with the concept that IL-8 produced by the NE cells of the prostate may regulate the function of NE cells via an autocrine/paracrine mechanism ( fig. 1 ) . Probably, these results could provide a novel mechanism by which NE cells in the prostate may promote androgen-independent growth and recruitment of the neighboring non-NE tumor cells.
Biogenic Polyamine Pathways and Neurotransmitters
As previously described, NE prostatic cells had cytoplasmic extensions (as neuritis) that are considered part of a communication network between the epithelial and NE compartments. Other morphological studies showed the presence of dendritic-like processes stretched-out towards tumors cells. The normal and neoplastic NE cells produced a wide range of neuropeptides and neurotransmitters. Recent studies discovered a new view of cellular communications in poor-prognosis human NE tumors [84] . The authors combined functional genomics with metabolomics to identify features of NE cancers associated with poor outcome [84] . They showed that a distinguishing feature of poor-prognosis NE tumors is a glutamic acid decarboxylase-independent pathway for production of GABA and a pathway for production of imidazole-4-acetate that involves dopa-decarboxylase and a membrane-associated amine oxidase, amiloridebinding protein 1 (ABP1). In this view, the presence of a membrane-associated amine oxidase (ABP1) allows for the synthesis of metabolites, such as GABA and imidazole-4-acetate, which act on GABA receptors associated with these and neighboring cells. The repertoire of metabolites produced and the pattern of expressed GABA receptor subunits act in concert to effect the biological behavior of neoplastic NE cells and their neighbors within a given tumor microenvironment through autocrine and paracrine mechanisms ( fig. 1 ) . These findings could suggest that noninvasive imaging modalities such as positron emission tomography and magnetic resonance spectroscopy may be useful for phenotyping patient populations with NE tumors based on the activity of key enzymes in these metabolic pathways (e.g. DDC) and their metabolic products (e.g. GABA). Moreover, GABA, imidazole-4-acetate, and indole-3-acetate may only be a subset of products of these pathways; ABP1-derived aldehydes may react with amine-containing compounds in tumor cells to form precursors for alkaloids similar to those found in plants and other organisms [84] .
The description of autocrine or paracrine stimulation through biogenic polyamine pathways functionally support the morphological similarities between neural progenitors and NE-differentiated cells. These hypotheses have been supported by the recent findings of Diss et al. [85, 86] . They found that a neuronal transcription factor (Brn-3a) (overexpressed in aggressive NE tumors and in advanced PCa) controls a voltage-gated sodium channel (Nav 1.7) expression in human PCa (upregulation). The Nav1.7 VGSC has been shown to potentiate cellular processes integral to CaP metastasis in vitro and in vivo and it was considered as an element 'necessary and sufficient' for the invasiveness of neoplastic cells [87] . The presence of neurotransmitter biosynthesis pathways and the pattern of GABA receptor and voltage-dependent channels revealed an electrophysiological perspective to the advanced PCa with NE features that explain that some NE tumors may be considered transformed neural stem cell tumors, or that some NE-differentiated adenocarcinomas (e.g. prostate, lung) should be better described as adenocarcinomas with a neural progenitor phenotype [88] .
Following these findings, Ippolito et al. [88] published one more view of the metabolism of NE tumor cells. Using magic angle spinning NMR spectroscopy (MAS-NMR) profiling of metabolites, they described that amine oxidases play a role in NE cell metabolism by generating propylene glycol from glycine (a known neurotransmitter), which may increase endogenous pools of energy (NADH) as well as secure exogenous sources (fatty acids). Using a complimentary approach used in silico predic-tions of possible metabolite biotransformations based upon known features of metabolite structure and combining this strategy with electrophysiological studies, the authors discovered that NE cancer cells use molecules involved in cellular communications to increase their stores of available energy and to promote their proliferation. These results led authors to conclude that a pharmacological intervention could be projected against targeted key enzymes and neurotransmitter receptors using wellestablished drugs used for other diseases (e.g. amyloride, a diuretic; carbidopa, a drug routinely administered to patients with Parkinson's disease; flumazenil, a benzodiazepine antagonist used to reverse the effects of sedatives). Their preliminary results in mice produced a statistically significant 40% reduction in tumor growth.
Conclusions
The exact pathogenesis of NED in human prostate is still poorly understood, although it is presumed that no single pathway is involved in this phenomenon. A synergistic functional network between epithelial and neuroendocrine intraprostatic systems seems to be the main trigger for the induction and sustenance of NED. From morphological and immunohistochemical studies, it is possible to appreciate the physical interactions between epithelial and NE cells. From experimental research, it is possible to learn that new and intriguing pathways were implicated in transdifferentiation and in autocrine/paracrine regulatory loops in the intraprostatic microenvironment, suggesting a continuous prostate tissue remodeling process and highlighting the heterogeneity of PCa with neural features.
Thus, the knowledge of these multiple and alternative signaling events may provide new therapeutic targets, but the new therapies could be developed looking at multiple interference of the intercellular communication network (stroma, NE cell, epithelial neoplastic cells, extracellular matrix, vessels, interplay between classical growth factors and neuropeptides) to block or prevent tumor progression.
